Introduction
The activity of animals living on natural river banks depends on a general pattern of species activity (Lundgren et al., The aim of our study was to describe the grounddwelling spider assemblages on the seasonal river island and the influence of the water level and the passage of time on spiders on a local scale. The main question was what the levels of interseasonal and seasonal differences were in abundance, species composition, dominant structure, and species diversity. We expected that groups of smallsized and a medium-sized spider species, among them superdominant species, would differ in their responses after a spring water withdrawal, in spite of similar adaptations to regularly disturbed habitats, like a mainly active hunting strategy and dispersal capacity.
Materials and methods

Study area
The study area represents a fragment of natural, riparian meadows (the Turov Meadows) in the valley of the middle Pripyat River, located near the town of Turov (southern Belarus, 52°04′N, 27°44′E, in the province of Gomel, district of Żytkovichi) ( Figure 1) .
The area has an international conservation status (i.e. Important Bird Area, the Ramsar Convention). The Turov Meadows cover an area of approximately 500 ha and represent the best preserved, protected fragment of riparian meadows along the Pripyat River. The river valley is flooded each year during spring flooding (between March and June). The extensive flooded areas are characterized by a relatively low water level. The water on the floodplain near Turov remains for 62 days on average. At that time, the water level in the river bed rises by 3.5 to 4.5 m on average, and the highest parts of the inundated meadows remain exposed (not flooded) and form the socalled "islands"; one of these seasonal islands was chosen to conduct our case study. The size of the islands depends on the water level in flooded areas. Due to a low water level at the beginning of summer, most of the "island area" has a connection with the mainland. The highest water level is observed every year between late March and early April. The water level may also fluctuate during a season as a result of heavy rainfall. These fluctuations are irregular and may result in inundation to a much greater extent than spring flooding (Kozulin, 2000; Parsons, 2004) .
Study plot
The research was conducted on the largest island. When the water level is high, the island assumes an arched shape and consists of 2 parts. As the water level in the river is lowering and the water is withdrawing from the floodplain, the 2 parts of the island become connected with each other and the island area gradually increases. At the end of April, the island is approximately 3 ha in area (Szurlej-Kielańska, Figure 1 . Location of the study area -Belarus, the Turov Meadows at the Pripyat River (•). personal communication). Plants of mesic meadows quantitatively dominated on the studied island. Those were mainly grasses: Poa pratensis, Festuca rubra, and Phleum pratense. In addition, dicotyledonous plants were represented by Achillea millefolium, Cardamine pratensis, Cerastium holosteoides, and Rumex acetosa (Afranowicz-Cieślak et al., 2014) . The area has been used as an extensive pasture for cattle and horses. Grazing was occasional and irregular throughout the sampling period. The research seasons differed from each other in hydrological conditions ( Figure 2) . The year of 2006 was typical in hydrological terms. In the spring of 2007, the water level rapidly dropped and the island merged with the mainland at the end of the first week of May (i.e. approximately 2 weeks earlier than in 2006).
Sampling methods
Our research on the seasonal island was conducted during 2 spring seasons, until the second week when the island connected with the mainland: in 2006 from 30 April to 11 June (10 samples) and in 2007 from 30 April to 30 May (7 samples). Samples were collected on average once every 5 days using pitfall traps, opened for 12 h (from 0800 to 2000 hours). The pitfall trap is a standard method for catching ground-dwelling spiders, in our case diurnal spiders. PVC containers were used; these were 7.4 cm in diameter and 13 cm deep, half-filled with water and with a surfactant added to reduce the surface tension (Uetz and Unzicker, 1976; Topping and Luff, 1995; Stańska et al., 2002) .
A total of 20 pitfall traps were located in the area of one seasonal meadow island. Two transects were laid out: one in the center of the island and the other at a distance of 0.5-1 m from the shore, to identify all possible spider species with different microhabitat preferences. The arrangement of set traps at the edge of the island was always dependent on the water level in the floodplain. In each row, 10 traps were placed 2 m apart from each other. Initially, in the spring season of 2006, there were 15 traps in each row; they were used during 3 collections. The number of traps was reduced to 10 due to local damage caused by grazing animals. In order to protect the traps from rain, each of them was covered with a cap placed 1 cm above the container's inlet. Collected material was preserved in 80% ethanol. One sample collected on each sampling day consisted of the spiders caught in all traps (from both trap rows).
Spider identification
Determination of spider species and families was done on the basis of diagnostic features according to specialist identification keys (Heimer and Nentwig, 1991; Roberts, 1993; Almquist, 2005; Nentwig et al., 2014) , and in the case of Pardosa plumipes, on the basis of the paper by Tongiorgi (1966) . Specimens were divided into 2 age groups: adults with distinctive genital organs, and all immature stages of juveniles combined (Foelix, 1996) . Nomenclature of spider species followed Platnick (2014) . Spider specimens were identified by one of the authors (I Hajdamowicz). The material was deposited at the Department of Zoology, Siedlce University of Natural Sciences and Humanities, Poland.
Data analysis
Both seasons were different in length of sampling periods and therefore, in the comparative analyses, only data obtained between 30 April and late May were used. All data were calculated per 30 traps in order to standardize the results obtained based on different numbers of traps. The sampling efforts (the number of traps) allowed for smoothing out the impact of the short research period for species diversity evaluation (Ulrich et al., 2013) . Only adult spiders were included in the analysis of species dominance. Species that represented more than 5% of the assemblage were defined as dominant, whereas species with a contribution of higher than 30% were defined as superdominant (Górny and Grüm, 1981) .The epigeic activity pattern and species diversity were assessed based on the species abundance obtained from pitfall traps and were treated as activity densities (Drapela et al., 2011) .
Moreover, the group of adult spiders was divided into 2 body-size categories of spider species, small-sized species (below 5 mm) and medium-sized species (more than 5 mm), to reveal the importance of the life-history traits for the spider assemblage of a seasonal river island. The spider species division reflects an occurrence of the most numerous spider families in the region-smaller Linyphiidae and larger Lycosidae. The 2 categories of spider species size were evaluated on the basis of average maximum length of males' and females' bodies provided by Nentwig et al. (2014) .
To evaluate the differences between abundance of adult spiders in the two research seasons, the Mann-Whitney U test was used. The differences between frequencies of dominant species in the two research seasons were calculated using the G-test. All statistical methods followed Zar (1996) . Statistical analyses were performed with Statistica 9.1 (www.statsoft.com). To evaluate the species diversity, the species richness (S, number of species), the Shannon-Wiener index (H′), and the evenness index (J) were used (Magurran, 1996) . To compare values of the Shannon-Wiener indices, Hutcheson's test was applied (Hutcheson, 1970) . To estimate the total species richness and alpha diversity for the studied island, PAST (Paleontological Statistics) was used (Hammer, 1999 (Hammer, -2014 . The estimator Chao-1 was calculated and the lower and upper limits for 95% confidence intervals were computed by the method of bootstrapping (Hammer, 1999 (Hammer, -2014 Upamanyu Hore and Uniyal, 2008) .
To compare the exchange of species between years, the turnover index (T n ) was applied (Norris, 1999; Relys et al., 2002) . The turnover index (value 0-1) is the sum of species appearing and disappearing in the subsequent 2 years divided by the sum of species in each of the years.
The species turnover index was originally designed in biogeographical island research for the assessment of local colonization and extinction processes (MacArthur and Wilson, 1967; Wilson, 2009 ). Moreover, it was applied by Norris (1999) and Relys et al. (2002) to study species turnover on terrestrial islands.
To analyze the effect of the river water level and the sampling day on the abundance and number of spider species, linear multiple regression analysis was applied. The daily water level in the Pripyat was obtained from a gauge at Chernichi, 3 km downstream of the study area. The first day of sampling in the season was defined as day 1 (i.e. 30 April 2006 and 30 April 2007) . The effect of the water level and the sampling day on the number of specimens was analyzed for adult spider species of small size (<5 mm) and medium size (>5 mm). To measure the strength of an association between the two groups of spiders, the Pearson correlation coefficient was used. Moreover, the effect of the water level and the sampling day on the abundance of the two most abundant dominant species, P. prativaga and O. retusus, was analyzed.
Results
Abundance, species composition, and dominance structure
Altogether, 1179 specimens of spiders belonging to 30 species were collected. For comparative analysis of spider assemblages in the study years of 2006 and 2007, 865 adult spiders (collected between 30 April and 30 May) representing 30 species were used (Table 1) . During the 2 years of the study, the collected species represented 8 families, including the most abundant and species-rich Linyphiidae (49% of adult specimens, with 11 species) and Lycosidae (39.9% of adult specimens, with 11 species). The next largest family was Tetragnathidae (7.2% of adult specimens), with only 2 spider species. Species of the other 5 families were represented by single specimens. The group of small-sized spider species consisted of 17 species (58.6% of all adult specimens) including all species from Linyphiidae, and the group of medium-sized spider species combined 14 species (41.3% of all adult specimens), with all species from Lycosidae (Table 2) . In both years of the study, 5 constant dominant species (above 5% of all individuals) accounted for 84% of adult spiders: P. prativaga (31%), O. retusus (27%), E. dentipalpis (10%), O. fuscus (9%), and P. degeeri (7%) (Figure 3) . The next 2 dominant groups differed in the number of species recorded each year. Species with frequency between 1% and 5% of all individuals represented 4 species in 2006 and 7 species in 2007, for 8% and 16% of all adult individuals in assemblages, respectively. The last group of spider species (less than 1% of all adult individuals) represented 9 species in 2006 and 15 species in 2007, and 2.3% and 5.3% of all adult individuals, respectively (Table 3) . P. plumipes, a rare riparian species, was detected in the group with a frequency between 1% and 5%. The beginning of the species' activity was observed in the second half of May in both years of the study.
The species turnover index had the highest value for the species whose individuals accounted for less than 1% of the assemblage and for the family Linyphiidae. In the case of small-sized species, the species turnover index was slightly higher than for medium-sized spider species (Table 3) .
There were no differences in total abundance of specimens in the seasons of 2006 and 2007. However, significant differences were found in the contribution of dominant species (above 5% representation in a given assemblage) between the seasons of 2006 and 2007 (G-test; G = 100.64; df = 4; P < 0.0001). These differences involved 2 species, O. retusus and P. prativaga (Figure 3) . The former was a superdominant species in 2006, and the latter in 2007. No significant differences were found between the seasons for the 3 other species from this group: E. dentipalpis, O. fuscus, and P. degeeri.
Spider species diversity
The number of species was different each year of the study, and the taxa were more diverse in 2007 (Table 3) Table 3 . Frequency of number of species and exclusive species in the species group and the turnover index: in 3 groups of species according to their specimen frequency in the assemblage (above 5%, between 5% and 1%, below 1%), in the 3 most numerous spider families, and in 2 categories of spider species on the basis of the body size (small-sized below 5 mm length, medium-sized above 5 in the species diversity between the seasons resulted from the fact that more species were found in 2007 (Table 4) . The estimated species richness on the seasonal island was 49.33 for Chao-1, with the lower limit of 31.75 and the upper limit of 53 for 95% confidence intervals calculated by the bootstrapping method.
The effect of the time and the water level on the number of species and the abundance of spiders
The number of species changed during the research seasons (Figure 4) . Based on the data collected in both seasons, a relationship between the number of species and the water level and no relationship between the number of species and the day number in the season were found. It can be concluded that the number of captured species was increasing with the water level lowering, according to the following regression equation (S: the number of spider species; both seasons combined): S = -0.049 × (water level) + 31.311 (R 2 = 0.73; F (2,12) = 16.075, P = 0.0004).
No relationships were found for the total number of individuals of all species.
The effect of time and water level on the small-sized and medium-sized adult spider species
Water level had a negative impact on the number of medium-sized spider species, but not on the number of small-sized species. The number of small-sized species significantly decreased in the following days, which was not found in the case of medium-sized species. The final regression models included only variables with significant impact on spider number are (both seasons combined):
N small-sized spider species = -1.113 × (no. of day in a given season) (R 2 = 0.71; F (2,12) = 14.493, P = 0.0006), N medium-sized spider species = -0.408 × (water level) + 200.894 (R 2 = 0.70, F (2,12) = 14.075, P = 0.0007).
A negative correlation was found between the number of small-and medium-sized species for the research seasons (r = -0.56; P = 0.02; N = 17).
The effect of time and water level on the dominant species
At the beginning of the research seasons, the activity density of the dominant species O. retusus was increasing, and then it was decreasing towards mid-May. Increased activity density was observed for the dominant species P. prativaga mid-season. Its activity density was decreasing towards the end of May ( Figure 5 ).
In the case of O. retusus, the number of individuals was significantly affected only by the water level, and no relationship was found between the number of individuals and the day number in the season. The number of individuals of this species was higher when the water levels were high. The high coefficient of determination (R 2 = 0.76) indicates that the water level has a major effect on the number of individuals of this species. (N: the number of individuals of O. retusus; both seasons combined):
N of O. retusus = 0.1822 × (water level) (R 2 = 0.76; F (2,12) = 19.050, P = 0.0002).
The number of individuals of P. prativaga was dependent only on the water level. Contrary to what was observed in O. retusus, more spiders were captured when the water levels were low; no relationship was found between the number of P. prativaga individuals and the day number in a given season. Changes in the water level accounted for 51% of the observed variation in the number of P. prativaga individuals in the studied seasons. (N: the number of individuals of P. prativaga; both seasons combined): N of P. prativaga = -0.257 × (the water level) + 125.366 (R 2 = 0.51; F (2,12) = 6.248, P = 0.01).
Discussion
The annual and seasonal changes of the water level in a river can influence abundance, species composition, and dominance structure of spider assemblages on a seasonal river island in different ways. The annual and seasonal changes of the water level in the Pripyat River did not influence the total abundance of spiders on the seasonal river island, but changes in the species composition and the dominance structure were observed during our study.
The species composition of the spider assemblages on the seasonal island in the Pripyat River was characteristic for flooded meadows in the region. River islands often represent fragments of meadows and riparian grasslands (Kozulin, 2000) ; therefore, they are colonized by species characteristic of these types of habitats in Central and East Europe (Szymkowiak and Woźny, 1998; Kajak et al., 2000; Kupryjanowicz, 2003; Lukashevich, 2004) . At the time when the water level is lowering, the enlarging islands are colonized by individuals coming from exposed (not flooded) areas and from riverside habitats, i.e. they serve as refuges for the invertebrate fauna. The life-history traits of the spider species such as active hunting and air, ground, and water surface dispersal capacity enable spiders to settle in a newly emerged territory (Richter, 1970a; Richter et al., 1971; Lambeets et al., 2008 Lambeets et al., , 2009 Pétillon et al., 2010) .
The spider species in the assemblages on the seasonal island represented the most numerous spider families in the region: small-sized Linyphiidae, medium-sized Lycosidae, and small-and medium-sized Tetragnathidae. The dominant ground-dwelling spider species on the island were P. prativaga from Lycosidae; O. retusus, O. fuscus, and E. dentipalpis from Linyphiidae; and small-sized P. degeeri from Tetragnathidae. P. prativaga and O. retusus were superdominant species on the river island. A very high dominance of a single species in a given assemblage is characteristic of assemblages with a higher level of permanent disturbances, like natural floods (Kupryjanowicz, 2003; Lukashevich, 2004) or agricultural farming (Szymkowiak and Woźny, 1998; Samu and Szinetár, 2002) . P. prativaga is an active predator, like most Lycosidae. O. retusus and O. fuscus, as well as males of E. dentipalpis and adult individuals from the genus of Pachygnatha, are also active hunters, unlike most of the representatives of their families (Roberts, 1993; Eichenberger et al., 2009) . Active foraging affects the animal's locomotion to facilitate colonization of new areas and escape in case of danger, which includes changes in the water level. The spider assemblage of this river island consisted mainly of common species (Platen et al., 1999) , although the process of its development, determined by the water level in the river, is natural and unique in Europe. However, there were specimens of P. plumipes from the family of Lycosidae, a rare species distributed mainly in East Europe (Almquist, 2005) . This stenotopic species, the biology of which has not been thoroughly explored, is associated with natural river valleys with damp meadows and sandy shores (Almquist, 2005) . The species' specific habitat requirements and the lack of natural rivers and suitable habitats most likely reduce the species' occurrence. The set of species was replenished with active hunters associated with sandy grasslands, grazing lands, and arable fields: representatives of Lycosidae (Xerolycosa miniata and Pardosa agrestis), as well as Thomisidae (Ozyptila trux) (Roberts, 1993; Szymkowiak and Woźny, 1998; Samu and Szinetár, 2002) . These xerophilous species appeared later in the season, only after the water level lowered.
Most of the Linyphiidae on the island, all dominant species, were characterized by well-developed ballooning dispersal capacity and were the first to colonize the disturbed habitats (Platen et al., 1999; Downie et al., 2000; Bonte et al., 2002; Kupryjanowicz, 2003) . Common spiders like O. retusus, O. fuscus, E. dentipalpis, and Erigone atra usually populate areas extensively used as meadows and grazing lands in East Europe (Kupryjanowicz, 2003) , but also ruderal areas and agricultural lands (Downie et al., 2000; Bonte et al., 2002) . It is also thought that species living in an unstable, but at the same time rare, habitat have greater airborne dispersal capacity, e.g., P. prativaga occurring in the zone of low-growing plants on exposed beaches (Richter, 1970a (Richter, , 1970b . Lycosidae, as a cursorial spider family, also demonstrates overland dispersal (Richter et al., 1971) . P. degeeri is yet another dominant species inhabiting grasslands and characterized by both airborne and overland dispersal (Szymkowiak and Woźny, 1998; Kupryjanowicz, 2003; Gallé et al., 2011) . Dispersal capacity of the dominant and characteristic spiders of the emerged habitat on Turov Meadows facilitates faster migration and island colonization, mainly due to the proximity of their habitats in the river valley.
The species exchange (species turnover) between the study years on the seasonal island applied to species occurring in small numbers and representing less than 1% of a given assemblage, mainly from the family of Linyphiidae. Moreover, annual changes in the assemblages were reflected in a variable high frequency of the 2 most abundant and dominant species: P. prativaga and O. retusus. In general, spiders are characterized by seasonal fluctuations in their activity, and their assemblages differ from each other more in the subsequent research months than in subsequent years (Norris, 1999) . However, highly disturbed habitats, including those disturbed by nature, e.g., by river floods, and isolated habitats, like islands, are characterized by exchange of individuals and species, both during a season and between subsequent years (McArthur and Wilson, 1967; Relys et al., 2002; Ulrich et al., 2013) .
The species diversity of spiders on the studied island was relatively low and related to changes of water level in the river. Hence, it changed significantly from year to year and was higher in 2007. Lowering of the water level had a major influence on the increasing spider species diversity on the seasonal island. Lambeets et al. (2008 Lambeets et al. ( , 2009 ) revealed that diverse groups of arthropods (carabids and spiders) can respond differently to a flood disturbance. Intermediate flooding increased the number of carabid species, while in the case of riparian spiders, rising water levels decreased their species richness. In addition, too high or too low degrees of flooding had a detrimental effect mainly on stenotopic riparian species, but an increasing flood had a positive effect on eurytopic ones. However, anthropogenic influences in river channels, which suppresses natural overflows, hinder the distribution of common hygrophilous species and change specialization of arthropod assemblages (Lambeets et al., 2008 (Lambeets et al., , 2009 . Although, in general, flood disturbances decrease the number of terrestrial species, riparian zones enlarge regional and global species diversity as a source of unusual habitats and species (Sabo et al., 2005) .
The revealed dynamic patterns for adult spiders were typical for spider assemblages in the region. In general, adult ground-dwelling spiders have a higher activity density in spring, using suitable weather conditions for reproduction and development (Niemelä et al., 1994) . For example, in central Belarus, the reproductive activity of ground-dwelling Lycosidae occurred between the end of April and the beginning of June (Lukashevich, 2004) . Both dominant species P. prativaga and O. retusus are most active in spring, which was also shown by our research (Bell, 2014) .
The influence of time and water level on spider dynamic patterns depended on the category of species body size. The activity density of small-sized species was higher at the beginning of the spring season and negatively correlated with the flow of time, while the activity density of medium-size species was higher in the second part of the studied seasons and depended on the water level lowering. However, the small-sized dominant O. retusus was especially dependent on the high water level, and medium-sized dominant P. prativaga was correlated with the water lowering. Furthermore, Lambeets et al. (2008) , in a detailed study, revealed that the body size of Lycosidae decreased with increased flooding, but it increased in Linyphiidae. Lambeets et al. (2008 Lambeets et al. ( , 2010b proved that stenotopic species connected with river banks are susceptible to changes in the water level. In contrast to habitat generalists, stenotopic species avoid unnecessary movements and look for a safe habitat in the event of flooding. Riparian stenotopic P. plumipes was not active when the water level was high. Time separation between the activity of smallsized and medium-sized species like the superdominants on the studied island reduces the possibility of cannibalism towards smaller Linyphiidae (Lundgren et al., 2009) .
The assemblages of ground-dwelling spiders on the seasonal island were exposed to seasonal and annual changes dependent on water level. However, due to the proximity of refugia and rapid colonization, only species with the lowest frequency and abundance of species with the highest frequency were affected. The influence of time and water level on spider dynamic patterns depended on the category of species body size. The small-sized species, mainly Linyphiidae, dominated at the beginning of season, at the high level of water. Medium-sized species, like Lycosidae, predominated in the second part of the season and depended on the water level lowering. The spider dynamics on the seasonal island reflected general activity patterns of small-sized species avoiding larger predators, which were additionally hindered by the water.
